Objectives Evidence of surgical transmission of sporadic CreutzfeldteJakob disease (sCJD) remains debatable in part due to misclassification of exposure levels. In a registry-based caseecontrol study, the authors applied a risk-based classification of surgical interventions to determine the association between a history of surgery and sCJD.
INTRODUCTION
CreutzfeldteJakob disease (CJD) is a rare, fatal neurodegenerative disease characterised by deposition of a pathological isoform of the normal cellular prion protein (PrP C ). CJD exists in various forms, namely, genetic, caused by mutations in the gene encoding PrP C , acquired (variant and iatrogenic) and sporadic. Most cases are classified as sporadic (sCJD). Twelve caseecontrol studies 1e12 and one meta-analysis 13 have examined surgical transmission of sCJD. The outcomes have been partly diverging due to methodological constraints, including problems in selection of control subjects and in particular exposure assessment. 9 14 Most studies have relied on surrogate informants and medical records for surgical histories, inevitably prone to recall-and selection-bias. A recent register-based caseecontrol study, 9 which by design had a less biased assessment of surgical exposures, 15 corroborated that a proportion of sCJD may be transmitted by surgery following long incubation periods (20 years or more). However, a limitation shared by all the above-mentioned studies could be misclassification bias induced by the use of standard categories of surgical procedures (SP).
Caseecontrol studies focussing on surgical transmission of sCJD have been conducted using convenient anatomical references for classification of surgical interventions 1e8 10e12 or national bodysystem classifications of SP. 9 However, such a standard classification of surgical exposures may lead to misclassification. For example, in many ophthalmic and neurosurgical procedures, surgical instruments are not likely to encounter potentially high-risk infective tissue. 16 In a Swedish dataset, only 27% of ophthalmological SP were included in a risk category in which contact with retina and optic nerve was explicit or likely. 17 As neither infectivity, nor cellular prion-protein expression patterns, nor the routes of experimentally transmitted infections fit broad anatomic SP classifications or groups used in prior research, we created a risk-based classification system for surgical exposures. 17 Sensitivity analysis corroborated that caseecontrol studies in this field may have been subject to misclassification bias due to the use of SP classifications that were insufficiently specific or sensitive to distinguish between low-risk and high-risk interventions for sCJD transmission. 17 The aim of the present study was to apply the risk-based classification system 17 to determine the association between surgery and sCJD and thereby quantify effects potentially masked in prior casee control studies. 1e12 
METHODS

Study design and selection of cases and controls
The study was designed 9 as a caseecontrol study including 167 probable or definite sCJD cases fulfilling established EUROCJD diagnostic criteria, 18 with clinical onset during the period 1987e2003, and resident in Denmark or Sweden. Two sets of randomly selected population controls were included, that is, 835 matched (MC, 5:1 by gender, year, month of birth, and municipality of residence at death of the corresponding case) and 2224 unmatched controls (UMC, sampled from the annual, resident, national study populations aged 40 years and over). For latency analysis purposes, three time windows (TWs) were adopted as described. 9 These were based on two operational dates, of death and of clinical onset for cases, and corresponding index dates, denoted index dates 1 and 2 (ID-1 and ID-2), for controls (figure 1). 9 Relevant parameters for our design of TWs 1,2 and 3 were onset of surgical procedure registration at hospital discharges in the early 1970s, reported length of latency time in iatrogenic CJD due to dura mater grafts, uncertainties in symptoms onset in sCJD and the study size.
Exposure ascertainment
The surgical history was obtained from national registers, and assigned, blind to subjects' case or control status, to one of the three TWs, and, where required to all three pooled TWs covering registered hospital stay up to 1 year before clinical onset or ID-2.
For cases and controls, data on past hospital discharges (diagnoses, SP codes, and dates of admission and discharge) were obtained from the National Hospital Discharge Registers in Sweden and Denmark. Personal identifiers and case-status indication were removed before analysing the data with respect to exposure to SP. Reported SP codes were identified and categorised according to Swedish, Danish and Nordic (NOMESCO-NCSP) SP classifications.
19e21 Codes describing procedures that were not properly surgical, for example, delivery, and nonspecific codes, for example 'investigative procedures connected with surgery', were omitted. The 5990 remaining SP were categorised into two major groups, namely: 'main surgical procedures', and 'subsidiary procedures', a heterogeneous category that included minor surgery (punctures, needle aspiration or biopsy, superficial incision), other non-surgical, potentially invasive procedures, such as transluminal endoscopies (with or without biopsy) and, in a few instances in Denmark, blood transfusion. The selected surgical experience of cases and controls corresponded to 1445 distinct SP codes and 5990 SP associated with 3876 registered discharges during TWs 1e3, that Figure 1 Schematic illustration of the study design and methodological procedure for life-time-interval definition of the registered surgical history of cases and controls. Time windows included in the present study were those covering surgical history >1 year prior to clinical onset of cases or indexdate-2 of controls, namely, windows 1, 2 and 3. Modified from MahilloFernandez et al, 9 where details of individuals' life-time references are given. Figure 2 (A) Example of individual categories of exposure by tissue/ structure under study when focusing on retina and optic nerve, at a specific window, for three different individuals. (B) Surgical procedure risk categories after reclassification, and corresponding individual categories of exposure to surgery. is, dating one or more years before the operational disease onset or ID-2 used in the reported study. 9 
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SP reclassification by risk level
A total of 1445 unrepeated SP codes were decoded, and their 5990 discharge dates were reclassified blindly to individual outcomes according to the reported method. 17 The following two attributes were assigned to each SP: (a) probable use of nondisposable instruments involved; and (b) list of up to four (of the 24 reported) tissue types or anatomical structures with the highest assigned risk level most likely contacted by such instruments. 22 In total, 4813 repeated or not SP codes with different discharge dates were reclassified into six putative categories of CJD-acquisition risk level 16 : high risk; diluted high risk; lower risk; diluted lower risk; lowest risk; no risk (when deemed to have been conducted with disposable instruments). Furthermore, 1177 SP were not reclassified, including 865 transluminal endoscopies and 198 minor surgical procedures and blood transfusions. Endoscopies were not reclassified because early registration periods did not discriminate between procedures that were and those that were not associated with invasive procedures such as biopsies.
SP reclassification by tissue/structure
Surgical exposure was defined as tissue/structure-specific by possible contact of non-disposable instruments with up to four assigned tissues/structures. 17 The above-mentioned 4813 SP generated up to four of 24 binary categorical variables for 24 different types of tissue or anatomical structure. 22 Individual exposure assignment by potential entry site
An individual was assigned to one out of three mutually exclusive exposure categories per window (see figure 2A for examples), namely: exposed to tissue/structure under study; exposed to other tissues/structures; and unexposed. < An individual was assigned as exposed to a specific tissue/ structure under study when at least one discharge associated with a SP involving such tissue/structure was found at a date within the limits of a TW. < An individual was deemed as exposed to a tissue/structure other than that under study, during any given TW, when at least one discharge was associated with a tissue/structure other than that under study. Persons solely exposed to no risk and not-reclassified SP were included here. < Finally, unexposed individuals were defined as those who had never been discharged or undergone a discharge associated with any 'reclassified' or 'not-reclassified' SP during the TW under study.
Individual exposure assignment by putative risk level
Individual levels of exposure were collapsed to five categories, figure 2B. These were: (1) high risk; (2) lower risk; (3) lowest risk; (4) no risk or not-reclassified procedures; and (5) unexposed.
The hypothetical risk level of surgical exposure assigned to a given individual during a specific TW was the highest SP risk Figure 3 Percentage distributions of 5990 selected surgical procedure codes associated with surgical discharges during TWs 1e3, either classified by body-system or reclassified by hypothetical transmission risk level (n¼5990) or contacted tissue/structure (n¼4813). Three surgical procedure categories yielding Zero values (trigeminal ganglia, olfactory mucosa and cerebrospinal fluid), are not represented. Added percentages by tissue or anatomic structure exceed 100%.
level found to be associated with the hospital discharges registered during that TW. As done in the preceding report, an individual was classified as exposed to a specific risk category of surgery in a specific TW when at least one discharge associated with at least one code of such surgery had taken place at a date within the limits of the individually designated TW. Multiple exposures to a specific category were determined by the number of surgical discharges with one or more SP codes reclassified in that same category.
Data analysis
We determined the risk of sCJD by presumed risk level and by contacted tissue/structure. Statistical methods with regard to design of variables, choice of reference groups, latency intervals, multivariate models and procedures for calculation of 95% CIs (CI) replicate those used in the preceding analysis. 9 Conditional logistic regression was used for comparisons with MCs, and logistic regression with adjustment for age, sex and country of residence at ID-1, for comparisons with UMCs. Exposures during single TWs, 1, 2 and 3, and one combined TW, 1e3, that is, predating onset/ID-2 by $1 year, were included in main and complementary analyses. When an association was based on a meaningful number of exposed cases, we explored the presence of a doseeresponse effect quantifying the linear increase in OR for the number of surgical discharges. We assessed potential confounding by associated tissue/structure types in tissue/structure-specific models, by including, as independent variables, the tissue/structure present in at least 25% of the discharges associated with the repeated or unrepeated tissue/ structure-specific SP under study. Since only comparisons related to single one-at-a-time hypotheses were planned, we followed Rothman, Greenland and Last, recommendations to refrain from use of conventional procedures for widening the confidence intervals. Figure 3 shows, separately for cases and controls, the results of the reclassification of the 5990 selected SP. Surgery on brain, retina, spinal cord and pituitary gland or dura mater accounted for approximately 2% of reclassified procedures.
RESULTS
In the analyses of risk factors for sCJD, high-risk surgery among cases was almost absent in all TWs, which made statistical inference less meaningful for these SPs (table 1) . However, lower-risk surgery carried out more than 20 years before disease-onset or ID-2 was associated with an increased risk of sCJD (OR for MCs (OR MC ) 2.81 and an OR for UMCs (OR UMC ) of 2.54). Furthermore, for lower-risk procedures there was a doseeresponse relation with a linear increase by discharge (OR MC 1.34 and OR UMC 1.33). In addition, point estimates of the OR increased by latency period for lower-risk surgery, and those for latencies 10 years or longer decreased moving from high risk through lower risk to lowest risk.
For surgery classified by the tissue/structure involved, results from comparisons with matched and unmatched control groups were fairly similar. Findings for surgery conducted at any time throughout the entire study period, TWs 1e3, were negative (table 2), except when instruments contacted retina and optic nerve being in such case associated with an increased risk of sCJD OR MC (95% CI) 5.53 (1.08 to 28.0) (based on three exposed cases and compared with matched controls only). However, 16 of the 23 remaining comparisons yielded statistically nonsignificant OR point values above the unit. No significant differences were found at 1e9 years before onset (data not shown). For surgery conducted 10e19 years before onset, TW-2 (table 3) , point estimates generally exceeded 1, being statistically significantly higher in both comparisons those for surgery in contact with peripheral nerves and, when compared with MCs only, those for surgery on skeletal muscle. Several significant differences were found at TW-1, $20 years (table 4) , for several categories, including surgery involving blood vessels, peritoneum, skeletal muscle and the group of other tissues. When complementary subgroup analyses by alternative TWs were conducted, we observed a statistically significant excess risk for lower-risk surgery performed at least 15 years before onset in both comparisons, and for putatively high-risk surgery performed 5e14 years before onset using UMCs (table 5). Positive findings similar to those yielded by the core analysis were detected for strata by country, sex, alternative study period and age at CJD onset, or for definite cases, during both TW-1 and TW-2 (data not shown).
We went on to explore which specific operations among cases might have contributed to the excess risk. The highest risk, observed for surgery on the retina during the combined TWs 1e3, was based on two surgical discharges after retinal detachment and one involving electrocoagulation of choroidea and retina dating back 9, 12 and 13 years before clinical onset. Surgery during TW-1 with a lower but significant risk excess included SP on: blood vessels (n¼6, corresponding in all cases to veins); peritoneum (n¼15, with four and 11 of them being gynaecological and gastrointestinal, respectively); skeletal muscle (n¼23, with seven and five of the SP codes being gynaecological/obstetric-and bone/orthopaedic-related, respectively); and 'other tissues' (n¼28, with the majority of these being gynaecological SP with vaginal approach, for example, uterus curettage, n¼12, and interventions on cervix n¼9). Surgery during TW-2 on peripheral nerves among cases (n¼4) included two finger and toe phalangeal amputations, one acoustic nerve neurinoma excision and one pyloroplasty +vagotomy, and 10 of 33 SP under the 'skeletal muscle' heading were gynaecological procedures.
DISCUSSION
The key features of the present study design enabled us to address novel aspects of the potential of surgical transmission of CJD. 9 The additional introduction of an aetiological classification, that is unmasking associations hidden by the body-system approach, 17 24 revealed a number of statistically significant associations, associations of higher magnitude and new effects with a particular pattern at 10e19 years' latency. Limitations, which in part are discussed elsewhere, 9 comprise: the low statistical power for some latencies and exposure categories; missing information on interventions undergone prior to registration or as outpatients; and lack of control of potential confounders such as blood transfusion, overlooked dura mater implants or hospital hygiene level.
The new SP classification system was built in a tissue/structure classification reported in 2005 22 combining features of the first WHO Classification on Tissue infectivity 25 and of experimental efficiency of prion disease transmission to animals when using different routes of inocula administration. 26e29 The plausibility of the risk excess of surgery of retina and peripheral nerves seen here might be supported by studies in experimental scrapie (Sc). PrP Sc injected into the eye travelling via defined neuroanatomical connections has been demonstrated to be able to reach larger brain regions. 30 31 In hamsters, PrP Sc spreads along the vagus nerve to the medulla, pons, midbrain, cerebellum and thalamus via neuroanatomical pathways. 32 The increasing risk found for SP involving veins, peritoneal cavity and lymph nodes at longer latencies fits proposals on prion neuroinvasion and transport, suggesting that prions first replicate and accumulate in the lymphoreticular system (LRS) (see Aguzzi and Calella 33 for a recent review). In addition, it would appear that risk excess and latency are inversely correlated: for surgery of retina, OR 5.53, at mean 11 years; for surgery of peripheral nerves, OR 4.41, at 10e19 years; and for lower-risk SP OR 2.4, at $20 years. In summary, our findings might be consistent with proposed biological mechanisms potentially underlying the rapid access to the CNS by direct contact, 34 prion uptake through the skin, neuroinvasion from the spleen and spread of prions along peripheral and CNS pathways. 33 35 Compared with other studies, the main contribution of the new methodology may be credibility to consistently positive results from large recent studies covering lifetime surgery and pointing to likewise underlying diluting effects. 7 8 In a study with negative results, retina surgery was unfortunately not investigated separately from other ophthalmological surgery. 12 Findings for lower-risk procedures at >20 years would correspond to a similar risk excess before reclassification for main surgical procedures. 9 However, the association with coronary surgery seen in TW-3 when using unmatched controls as well as the body system approach does not have a corresponding finding here. Since the association of coronary surgery with sCJD has been reported for Alzheimer 's disease at a similar latency, confounding from vascular risk factors generating both dementia and coronary disease followed by coronary surgery may be proposed as a potential explanation unrelated to prion transmission consistent with absence of findings after reclassification. 36 Unrecorded information potentially determining our results might be the length of the pathway to the brain, short in the case of retina and acoustic nerve. An overlooked autologous dura mater graft, implanted during the above-mentioned acoustic neurinoma intervention, was excluded by direct perusal of the surgeon's report, issued in 1977, by an author, HL, who excluded an accidentally transmitted CJD by dura mater implant. Improved cleaning of instruments in recent times may in part explain decreased excess risk with shorter latencies.
Blood transfusion has not been identified as a risk factor for sCJD; however, Riggs et al warn about the weaknesses of caseecontrol studies frequently reporting protective effects. 37 Inability to adjust for blood transfusion is a limitation of the study, since it has been estimated that blood transfusion is present in 50% of all major surgical interventions 38 ; blood thus comprises a potential confounder. 39 Since it would appear that the excess risk seen here for some tissues, for instance for retina surgery, is difficult to attribute to simultaneous blood transfusion, some of the present results might be consistent with confounded effects of surgical instruments and blood. This view contradicts observations on variant CJD, where transmission by blood has been demonstrated, 40e43 but not risk excess for surgery. 44 However, differences between sCJD and vCJD or Kuru are so large that inferences should perhaps be inappropriate. Furthermore, the exposures studied might not be independent phenomena representing either a potential entry site for prions or the above-mentioned uncontrolled confounding. For example, cohorting of surgical instruments occurs, and an instrument used once for retina surgery, for example, has in all likelihood been repeatedly used for retina surgery. It is therefore possible that our findings could in part be explained by infectivity determined by tissue remnants adhered to instruments (not controlled for here) rather than by the putative entry site (ie, tissue contacted). Consequently, the 18% 9 to 35% 7 proportion of sCJD which has been suggested might be causally related to surgery, while in theory consistent with observations from animal models, would be difficult to ascribe to a single biological mechanism based on these data.
The results might be surprising, since identified iatrogenic events related to surgery appear to be very rare. Surveillance since 1993 by 11 countries at the EUROCJD consortium includes data on more than 6000 sCJD cases (http://www. eurocjd.ed.ac.uk/genetic.htm). The number of iatrogenic cases related to surgery are 53 assigned to dura mater, two to corneal implants and nil to neurosurgery. However, routine surveillance data will usually not recognise surgical risk exposures for iatrogenic CJD other than grafts. Reasons to explain this might be: 48 ; (4) large differences in duration of incubation periods, mean 11 years for iCJD by dura mater reduce differences in cumulative risk 48 ; (5) similar genetic susceptibility might be a strong determinant of surgical risk linked or not to grafts, and is shared by iCJD and sCJD as shown by homozygosity at codon 129 48 49 but can be interpreted in different ways. CJD surveillance captures epidemiologically compelling evidences required for correct CJD diagnosis; the OR for exposure to cadaveric dura mater for CDJ in Japan 50 was 32.5 95% CI (2.6 to infinity). Our three cases with history of retina surgery were first discharged with CJD diagnosis from three different hospitals, at different years, in two countries, and most probably diagnosed by different clinicians. Views for iCJD from surveillance and results of this study are perhaps not so difficult to reconcile when biology, diagnosis, epidemiology and public-health practice 51 are simultaneously considered.
The potential applicability of results in prevention is complex. Cautiousness might be recommended for planning of surgical interventions for patients where CJD diagnosis has been considered, and for decontamination and quarantining of such surgical instruments, avoiding reuse during the interval CJD diagnosis has not been excluded. Established instrument-quarantining, -tracking, -cleaning and prion-disinfection policies, which generally target infrequent procedures, such as neurosurgery and ophthalmological, spine and ear surgery, 38 52 are based on decontamination of remnants and applied to surgical activity defined by the type of surgeon, that is, by body-system group. Current sterilisation procedures undertaken in hospitals for delicate instrumentation are insufficient to ensure total removal of infectious prion protein, and carriers of infective prions are difficult to detect. 52 53 Extension of such measures, after appropriate assessment, to instruments contacting or potentially contacting veins, female genital organs, peritoneal cavity, peripheral nerves and muscle could be a priority. In addition, new decontamination procedures 54 may have a widerthan-expected field of application.
To sum up, these results suggest that surgery constitutes a risk factor for sCJD, acting with long incubation periods, and less frequently with shorter latencies when the central-or peripheral nervous system as well as skeletal muscle are implicated. In addition, results are in concordance with animal models of experimental prion transmission through various routes of inoculation that may mimic accidentally transmitted CJD, and might have implications for prevention of CJD spread in medical settings. Contributors JdP-C has full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Preliminary results were presented at the EUROCJD/NEUROCJD Public Health EU Meeting, held in Paris on 5 December 2006.
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